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I. B n e JJ. e 11 11 e 

OtJ:ellb lll!Tepec110 npocneal!Tb Cy/lb6y TaKoro cj>y1111.aMe11Tanb110ro YTBep11rne111rn, 

KaK CPT-TeopeMa,· B Te'len11e .llonroro epeMeH11 ee He. 3aMetJ:an11. 3aTeM, no Me

pe Toro, KaK B cj>113l!KY BCe 6on_bwe BX0JJ.l!nl! coo6palKeHH.II Cl!MMeTp1111, n0.IIBl!mICb 

nepBbJe yKa3aHIIS! Ha CBSl3b MelKJJ.Y Tpe60Balll!S!Ml! /lllCKpeTHblX CIIMMeTp11ll. LlnSI MII0-

r11x na uac 3T0 npo113owno 11a neKUIISIX n.n.na1111.ay e 1954 roay. 1!11TaS1 neK11111r, 

n,n,nauaay 0TMeTlln, 'ITO eMy He yJJ.an0Cb HallTH HI! 0JJ.H0r0 npllMepa._ 3anpeTa, KO

T0pbil! 6bin 6bI !I0BblM no cpanHeHHIO C TeM, 'ITO yJKe 3anpeweuo Tpe6ona1111eM P-

11n11 C-1111nap11aHTHOCTII, no cywecTBY B 3T0M MeCTe Mb! _BnepBbie BCTpeTllnl!Cb C 

011.11011: 113 cj>opMyn11ponoK CPT-1111nap11a11T11ocT11: ecn~ Teop11S1 P- 11 C-1111nap11a11Ta, 

TO 011a, TaK CKa3aTb, 8BT0MaTH'leCKII II T-IIHBapHaHTHa, 

KaK BIIJJ.H0 113 n11TepaTypbI, B 3TH roJ).bl K cj>opMyn11pOBKe Toro, 'ITO Tenepb H0-
/1 / 12I 13/ 

11a3na1111e CPT-TeopeMbI no11.own11 Eenn , llln1111rep , n1011.epc II na-CIIT 

141. HacTOS!Wee no1111Ma1111e BalKH0CTII II rny611Hbl CPT-TeopeMbI npnwno nocne 

0TKpb!TIISI 11apywe1111il: B cna6b!X B3811MO/lellcTBIIS!X CHa'lana P- 11 C-, a 3aTeM II CP

IIHBap11aHTH0CTII. 

B HaCT0S!Wee npeMSI, B Ha'lane 1968 roaa, K0r}la Mb! yJKe paccTanIICb co MH0-

rl!MII pa11ee He3bI6neMblMII CBOIICTB8MII CIIMMeTp1111, npeJJ.CTaBnSieTCSI notJ:Tll aHTU

uaytJ:HblM ecnyx C0MlleBaTbCSI B B03MOlKHOll necnpaeennnB0CTII CPT-TeopeMbl, Ee 
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¢YHA8MellT8flbllOCTb, a TBKlKe TOT ¢aKT, '!TO IIIIK0MY AO C!!X nop He ynanocb 

nocTp0l!Tb X0TSI 6b1 MOAenbllblli np11Mep noneaoli Teop1111 C 11apywe1111eM CPT- TeopeMbI, 

38CT8BflSIIOT C'IIIT8Tb CPT-TeopeMy '!eM-T0 apone nocnen11ero 6acT11011a, K0T0pbl!\ 

He A0nlKell naCTb, 

TTpencTaansie·Tcsi, '!TO CPT-npeo6pa3oaa1111e siansieTcsi 6onee ¢y11AaMe11Tanh

llbIM, '!eM npyr11e AIICKpeT!lbie npeo6pa30B811IISI (C-, P- II T- npeo6pa30B8HIIS!), 

Tpe6oaa1111si CPT-1111aap11a11T11ocT11 11aKnaAbIBBIOT 11a Teop1110 31Ia'l11Tenb110 6onee cna-

6bie Tpe6oaa1111si, 'leM 1111aap11a1ITII0CTb 0TII0Cl!Tenb!I0 C-, P- 11 T- nopo311b, rny-

61111a CPT-TeopeMbl nenaeT oco6e11110 B8lKH0li npoaepKy cneACTBHli, K0T0pbie M0lK-

110 nony'll!Tb 113 ee Tpe60Ba1111li. CymeCTBellllblM SIBnSieTCSI TO o6cTOSITOflhCTBO, 'ITO 

n106asi noKanhHaSI na11rpa11JKeaa _Teop11si nonsi 1111aap11a11T11a 0T11oc11Tenh110 KOM6111111-

poaa1111oli onepau1111 CPT ( ecn11 T0nbK0 Teopnsi 1111aap11a11T11a oT11ocaTenhH0 co6cT

ae1111b1X opT0XP0llllb!X nopeHUeBblX npeo6pa30B8111!li), 

Tpe6oaa1111e CPT-a11aap11a1ITHOCTI! YTBeplKABeT, '!TO K0rAa 1!3Me!ISIIOT '18CTl!Ubl 

H.8 8HT11'18CTl!Ubl, 110 nepJKaT !IX IIMilYflhCbl ¢11Kc11poaal11IblMII, a cn11panb1I0CTII 06pa-

1UellllblMII, ace MBTPll'lllble sneMe!ITbl B38IIMOAelicTBIISI npeapaIUBIOTCSI B !IX K0MnneKc

llO-C0jlpS!lKellllble aenll'!llllhl, 

O6bl'IIIO np11!111MaeTCS1, '!TO CPT-1111aap11a1ITIIOCTh SIBnSieTCSI a6conIOTllblM np1111-

Ul!Il0M Cl!MMeTp!!II, 8 ST0M cnyqae noKa HeT IIIIKBKIIX YK838Hllli 118 06paT11oe, 11anp11-

Mep, npoaepKa CP-1111aap11a11TIIOCTI! CBSl3bJB88TCSI C npoaepKoli T-1111aap11a1ITIIOCTI!, 

0 -o 
3To oco6e11110 SICII0 Bl!)l!I0 np11 pacCM0Tpe111111 K - K Cl!CTeMbl, CyIUeCTBOBBll!le 

pacnana K O - 2 rr , KOTOpblli np0TIIB0pe'll!T CP-1111aap11a1ITIIOCTII, SIBilSieTCSI Ilpll 
L . 

. cnpaaeJw11aocT11 CPT-TeopeMbI yKa3a1111eM 11a 11apywe1111e T-1111aap11a11T11ocT11, T aKIIM 

lKe o6pa30M CPT-1111aap11a1ITIIOCTb noaaon11eT np0B0AIITb 11enpS1Mbie npoiiepKII C-, 

P- 11n11 T-1111aap11a1ITIIOCTII B TeX cnyqagx, Korna npS!MblE) npoaepKII lleA0CTBT0'III0 

T0'lllbl 11n11 IIBX0ASITCSI aa npe)lenaMI! coapeMe!IHOli 3KCnep11Me11TanhHOli TeXIIIIKII, 

8 ll8CTOl!IUee apeMSI npoaepellbl fll!Wb 'IBCTll'lllbie acneKTbl CPT-1111aap11a11TIIOCTII, 

<l>e110Me11onor11'leCK11li no)lX0A noaaon11eT pa3B!!Tb annapaT a11an11aa TBKIIM 06-

paaoM, '!TO pacceg1111e np0T0H0B 8HTl!Ilp0T0H8MII, JienenT0llllble pacnaAbl r11nepo110B 

II a11T11r11nepo11oa, pacnaAbl aapSilKellllblX 11 11eliTpanb1IblX K - Me30II0B, aapSilKell!lblX 

Ill!0II0B MoryT (npn BblCOK0li T0'III0CTI! 113Mepe1rnli) SIBl!TbCSI l!CT0'IIIIIK0M SKCnepn

MeHTaflbl!0li l!11¢0pM8UIIII 0 cnpaaenn11B0CTI! CPT-TeopeMbl, Ha116onee 1!3BeCTllblMII 

pe3ynbT8T8MII 11p11Me1Ie!l!ISI CPT-TeopeMbl gan~eTCSI TaKoe 38KflIO'leJille 0 caolicT

BaX 'IBCTIIII II !IX BIITll'IBCTl!U, KBK paae11CTB0 MBCC Il0K0SI, apeMell )1{1!31111 11 Mar-

4 

IIIITllblX MOMeHT0B, OTMeTIIM, '!TO l!MeHII0 HI\PYWe1111e Apyr11x AIICKpeT!lblX Cl!MMeT

p11li Il03B0IlS!eT II0A0liTII K SKC11ep11Me1ITBnbll0li npoaepKe CBMOli CPT-TeopeMbl, 

2, CPT- 11peo6paaoaa1111e 

TaK KBK CPT - 11peo6paaoaa1111e BKnIO'!aeT 011epau1110 06pame1111g apeMe1111, 

SICIIO, '!TO OHO npeACTaBnlleTCSI 8HTIIYIIIIT8pllblM onepaTopoM, K0T0pblli Mb! 06oa11a

'll!M qepea CPT. Ero AeliCTBlle Ha BeKT0pbI C0CT0SIHIISI M0lKeT 6bITb nonyqe110 113 

CBOliCTB npeo6paaoaa1111li 0TH0Cl!TenbH0 0TAeflhllblX npeo6pa30B8Hl!li C;P-11 T-npeo6--

➔ 

pa3oaa1111li, OTMeTl!M 110KB, '!TO C0CT0Sllll!e O)lllOli 'IBCTl!Ubl C l!MllynhC0M p 11 

c1111panbHOCTbIO ,\ II0A neliCTBl!eM CPT 11peo6pa3yeTCSI B 8HT1!'18CTIIUY C l!MnynbCOM 

· p II cnnpanhnocTbIO - ,\ , TaKl!M o6paao~ 11a11paanen11e cmrna MeHSieTCSI 

11a o6paTnoe, Eonee Toro, in - C0CT0Sllll!e npeo6paayeTCSI a out - (?0CT0SIHHe, 

PaccMoTp!!M npouecc I i; in >. ➔ I ·f; out>, rne H npeACTBBflS!IOT npo-

1!3B0nhllble ll8'18flbHbie II K0He'!llbie C0CT0SIHIISI, xapaKTep113yeMbie l!MllynbCaMI! 11 

c1111panb1I0CTSIMI! 0TAenbHblX 'IBCTIIU, CooTBeTCTBYIOIUl!e C0CT0SIHIISI C '18CTIIU8MII, 3a--· -
MellellllblMII Ha BIITll'IBCTl!Ubl, o603118'1IIM 'lepea Ii; in> 11 I ·r; out>. HaK011eu, .. 
Mb! 06oa1Ia'l11M 'lepea I i ; in > · 11 I f; out>. 11cxoA~bie cocTosi1111g c 11poT11ao11onoJK-

llblMII 3H8K8MII c1111panb1IOCTeil, 

"'" PacCMOTpllM Tenepb spMl!T0B onepaTop n 
1111aap11a1IT1lbIM, T,e. 

, K0T0pblii: npennonaraeTcSICPT-

CPT O ( CPT) -l -= 0 . ( 1) 

TTp11MepoM TaKorci onepaTopa · n M0lKeT 6b!Tb raMl!flbT0IIIIBII H , Jlnsi MBT-

pll'lllblX SfleMe!IT0B OT fi nonyqaeM Torna cneny10mee cooT11owe1111e 

< r ; out I n I · i ; in > •. < £ out I ( CPT )-1 ( CPT ) 0 ( CPT ) -l X 

" 
(2) 

x(CPT) l'i; in>-=<f; inlOl:i ;out>·*. 

Mb1 M0JKeM aaeCTH S - onepaTop II nepen11caTb (2) a cneny10meM Bl!Ae 

< r ; out I ·n I ·1 ; 1n > =-< 7; out I · s -l n s 1·: 1 ; in > • . (3) 
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.. .. 
Ecnn cocTOSIHHSI I "f ; out > H I "I ; in > Bh16paHbI co6cTBeHHhIMH cocToSIHHSIMH 

nonHOI'O raMHnbTOHHaHa, a, cneJlOBaTenbHO, H S - onepaTopa, MhI nonyqaeM 

< f; out 1:0 l 
2118 1 +B,1 

i ; in > •· e 
.. 

< , ; out l ·o I · 1 ; ia > • . (4) 

3TO COOTHOW8Hll8 CBSl3bIBaeT MaTpll'lllbie aneMeHTbl 3pMIITOBa onepaTopa 0 

M8lKJlY 'laCTll'IHblMII COCTOSIHIISIMII II COOTB8TCTBY!OWIIMII COCTOSIHHSIMII aHTH'laCTIIU, 

l,-13 3TOI'O BalKHOI'O COOTHOWSHIISI MOJKHO nony'IHTb PS!Jl npeJlCKa3aHHA, KOTOpble MO

ryT 6bITb fiO)lBeprHyThl 3KCnepHM8HT8nbHOfi npoBepKe, 

3, PaBeHCTBO Mace 'laCTHU H IIX aHTH'18CTIIU 

8h16epeM cocTOSIHHSI I i; In >" 11 I "f ;" out >., KOTOphie onHChIBaJOT OJlHY 'laCTH-

in 11 out - 3Ha'IK8MII B uy B noKoe H, cne)lOBaTenbHO, HeT pa3nH'IHH M8JKJlY 

3TOM cny'lae. Ecnn Mbl IIOTOM paCCMOTPHM {l = ff 
TOHIIBH, COOTHOW8Hll8 (4) )laeT 

• I'Jl8 H - nonHbiit raMHnb-

m 8 ,, f m"' 8 .. "' 
l I f 

I')le m H m npeJlCTaBnSl!OT MaCCbl 8HTH'l8CTHUbl H 'laCTHUhI, COOTBeTCTBeHHO, 

TaK KaK onepaTop H apMHTOB, a ffl npeJlCTaBnS!eT JlHaroHanbHhlfi MaTpH'IHblli: 

(5) 

aneMeHT ff , TO ffl Jl8Il'.CTBHT8nbHO H Mbl 3aKnJO'laeM, 'ITO HMeeT MSCTO CTpo-

roe paaeHCTB(? 

m-= m, (6) 

T,e, Macca ':laCTHUbl paBHa Macce aHTH'laCTHUbl, 

ToT JK8 pe3ynbT8T nonyqaeTCSI 113 Tpe6oBaHHSI C- nnn CP-HHBapnaHTHOCTeit, 

TaK KBK B cna6bIX B38HMO)lefiCTBHSIX HM8!0TCSI HapyweHHSI C- 11 CP-HHBapnaHTHOCTH, 

0'18Hb BalKHO, 'ITO (6) cne)lyeT H3 (o'leHb cna6oro) npe)lnonoJKeHHSI O CPT-'IIHBa

pnaHTHOCTH, 

HeKOTOpbie, Han6onee TO'IHbie 3KCnepnMeHTanbHbie pe3ynhTaTbl cpaBHeHHSI Mace 

'18CTIIU II HX aHTH'laCTHU npnBe)leHhl B Ta6nnue 1. 

Han6onee TO'IHaSI npoaepKa CPT-HHBapnaHTHOCTH CBSl38Ha co CBOitCTB8MH 

0 -o /13/ 
K - K CHCT8Mbl , nocKOnbKY B 3TOM cnyqae )lnSI OIIHC8HHH IIOB8Jl8HHSI CHC-

T8Mbl Tpe6yeTCH 2 X 2 MaCCOB8H MaTpnua, BSCbMa BalKHO, 'ITO MOJKHO cqiopMynn-

6 

poBaTb BCe Heo6XOJlHMbie qiopMynhI 6e3 Tpe6oaaHHfi JlllCKpeTHbIX CHMM8Tp11fi, 

Tpe60BaH11e CPT-1rnaap11a11THOCTII npHBOJll!T K TOMy, 'ITO llll8I'OH8nbHbie MaT

pll'IHbie aneMeHTbl MaCCOBOfi MaTpl!Ubl paBHbl, Ee3 Tpe6oaannfi CPT-l!HBUpllaHTHOCTII 

pa3Hl!Ua M8JKJlY M II 11 M22 p8BH8 

-1 
M

11 
-M

22 
a(sp+qr·) (sp-qr)(ML-MS), 

3Jl8Cb p, q , r II S onpeJlenmoT cynepno3l!UHH· Ko >n I Ko > 
L S 

I KL>"= p I K > - q I K > 

Yepe3 co6CTB811HOe BpeMSI r 

I 
.K . -1M r 
· L> ➔ l·K >e L 

L 

M =m --
1-r L L 2 L 

li>I~ +1·q1 2
=-1; 

/13/ 
H M88T MeCTO TOJK)leCTBO 

"K s > a r I K > + s I "K > ~ 

-11,1
8 

T 

IK 8 > ➔ IK 8 >e 

M s.=:· m s 2 rs 

!rl 2+lsl
2 

1 . 

I s p + q r 12 + I p r "' - q s * 12 
= ( I i> 12 + I q I 

2 

) ( I ·r I ·
2 
+ I s I 

2 
) = i . 

0 
Tpe6oBaHHSI yHHTapHOCTI! )lnH pacna)lOB K - M830HOB Il03BOnSIJOT )laTb 

(7) 

(8) 

(9) 

( 10) 

ouenKy Mephl neopToronanbnocTn cocTosinnit I K 1>· n I ·K 
0

6 >" 6e3 npeJlnonoJKeHHH 

0 CPT-HHBapnaHTHOCTH, TaKHM o6pa30M, MOlKHO 3aKn!O'IHTb, 'ITO 
1131 

I< KL I Ks >"I·= I j:, r * - q s * 1 ·~ 0,06 

H 

lsp+qrl:1. 

Llnsi pa3HHUhI M 
11 

- M 
22 

11MeeM: 

I M 11 - M 22 l -~ 2 r ML - M s l ·, 
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e 

+

" 

+-, 
1T 

+
K 

Ko - Ko 

P-P 

d-d 

Ao -,Ao 

Ta6n11ua 1 

PaBeHCTBO Mace qaCTIIU II IIX 8HT11qaCTIIU 

m -= (511006 :: 2) SB 
/5/ 

m = (510976 :: 7) SB 
/6/ ... 

m+ 4 ---1= 10- /7/ 
m_ 

m - = 105659 + 2KSB 
/8/ 

m + = 139,60 :: 0,05 MsB 
/9/ 

m _ ~ 139,578 :: 0,017 MsB 
/10/ 

m = 139,584 + 0,020 MsB 
/10/ 

- - /10/ 
Cpenaee m_ = 139,580 :: 0,015 Mas 

m_= 493,7 :: 0,3 .MsB 

m+= 493,78 + 0,17 MsB 

I ' 
hMu"M22l 

< 
I "M +M , .-

22 11 

2IM -Msl .. -14 
L IO 

IML+Msl 

m P = 938,256 :: 0,005 MsB 

mi; = (1,008 :: 0,005) m 
p 

m_ = (1,004 + 0 025) m 
p - ' 

p 

m; = (0,998 :: 0,015) m 
p 

--
m + --;:-..-1=:: 3% 

mA = 1115,44:: 0,12 MsB 

QA= 37,60 + 0,12 MaB 

Q- = 35 + 2,6 M 
A - 0,9 

98 

8 

/11/ 

/12/ 

/13/ 

/14/ 

/15/ 

/16/ 

/17 / 

/18/ 

/19/ 

/19/ 

/20/ 

rne np11HHT o6ecneqeHHbill npenen 

lsp-qrl~2. 

TaK JKe 6ea Tpe60BaH11ll CPT-1111Bap11aHTHOCT11 ' 

/13/ 
CnenoBaTenhHO, 

M +M ,. M + M • 
11 22 L S 

M 11 - M 22 
I < 

2IML-MSI. 

.M + M 
11 22 

IML+Msl. 

Ecn11 IlOACTBBl!Tb B (1_1) peaynhT8Tbl 9KCnepllM8HTa, TO 

21 M -M I L S 10-14 
I .M + M I 

L S 

(11) 

B TOM CMbICne, B KBKOM IIMeeT CMbICn paa611e1111e H "' H 
8 

t + Hem + Hwl:' STOT peaynb

TBT oaaaqaeT, qTo cooT11owe1111e CPT 11apywa10111ell aMnn11TYAbI K CPT- coxpaHHI0-

mell aMnn11Tyne 

-8 
qeM 10 nnsi 

-14 -12 
MeHee 10 nnH -H ■ t , Meaee, qeM 10 nnH H •m II Meaee 

AS-= 0 qacT11 H 
wl: 

4. PaBeHCTBO BpeMeH JKll3HII qacTIIU II IIX 8HT11qaCTIIU 

A. PaccMoTpl!M Tenepb cocTOS!Hlle I 'i ;.in>, cooTBeTCTBy10mee qacT11ue, KO

Topasi MOJKeT TOnbKO pacnanaTbCSI non nellCTBH8M cna6bIX B38IIMOAellcTBllll, no OT

HOW8HIIIO K c11nhHblM II sneKTpOMBI'HIITHblM B3811MonellCTBIISIM STO- CTa611nbH8H qacTll

ua • .Unsi aaqana paCCMOTpllM TOnhKO TaKoll cnyqafi, Korna B3811MOA8llCTBll8 B _KO-

11eq11OM COCTOSIHIIII npeae6pelKIIMO Mano, TaK qTo ( 4) ,nnsi ()., H wl: npllHIIMaeT BIIA 

• ;_ - I .. 

< f; out I Hwl: I i; in > .. < f; out I H wl: I 'i ; in > • • ( 12) 

11a ( 12) nnsi CKopocT11 napu11anb11oro pacnana MbI He!:;fenne11110 nonyqaeM r = r 
rne r OTHOCIITCSI K KaHany C 8HTllqacTl!U8MII, a r - K KBHany C qaCTIIUBMII, 

B KOTopoM BCe cnllHbl 113M8Hllnll CBOII aanpaMeHIISI, Ecn11 Mb! CYMMllpyeM no BCeM 

BO3MOJKHblM CilHHOBbIM oplleHTBUIISIM II IIMeeM T8M C8MblM neno co CKOpOCTHMII 
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rrapunanbHhlX pacrrauoa 6ea HSMepeHHSI CilHHOB a HaqanbHOM n KOHeqHoM COCTOSI

HHRX, TO rronyqnM 

r(i ➔ f)= r(i .. f). (13) 

Cpeun rrpoueccoa, unR KOTOph!X STO crrpaaeunnao, MO)KHO oTMeTHTb rr f 
2 

- , 

K f2 - H K f3 - pacrraUbl. B CHny ypaBHeHHSI (13) Mb! aaKn10qaeM, qTo unR STHX 

rrpoueccoa CKopocTn rrapunanhHhIX pacrrauoa (nocne cyMMHpoaaHHSI rro crrnHaM) paa-

+ - + 
HhI unR pacrrauoa K II K , rr Ii rr 

+ 
r(K + 

➔ µ + 11 µ ) =T (K ➔ µ + "µ> 

+ + - 0 - . 
I'(K -+µ +11°+vµ)•I'(K ➔ IT+µ+"µ> 

± 

+ + -· r ( Ir ➔ µ +· V µ ) • I' ( fT ~ µ + V ) • 

" 

E. PaaeHCTBO ( 12)' Il03BOnSleT rronyqHTb unR TaKHX 

( 14) 

rrpoueccoa, K8Kt 

K f 3 • 
pnu · yTaep)KueHnil, crrpaaeunnahlX unR sHepreT11qecKHX crreKTpoa qac

• 
THU, yrnoBhlX pacrrpeueneHnii n rronRpllaaunii: cpepMHOHOB ( f - o6mee o6oaHaqe,. 

Hile unR sneKTpOHa H MIOOHa: f = " • e ) • TaK, rrpn aauaHHhIX aHaqeHHSIX uayx 

KHHeMaTnqecKHX rrepeMeHHbIX: a - yrna Me)Kuy HanpaaneHHSIMH rrnoHa H nerr-

TOHa (a CHCTeMe Il0KOSI 

ca 

f II f - CHCTeMhI) H KB8UpaTa nepeUaHHOrO 4-HMilynh-

• 
-q 

2 2 2 
mt+ m rr - 2 mt Err 

npn cnpaaeunnaocTH CPT-HHBapnaHTHOCTH coarraua10T uncpcpepeaunanbHhie pacrrpe

ueneanR 

2 + 
d N ( K f

3 

d q 2 d cos a 

2 
dN(Kt 3 ) 

2 
d q d cos a 

rrpocyMMHp0BaHHb!e rro rronS!pll38UHSIM nerrTOH0B, 

10 

( 15) 

,llnSI rrongpH38UHH MIOOHOB Tpe60B8HHSI CPT-HHBapnaHTHOCTH rrpHBOUSIT K pa

BeHCTBY 

➔ + ➔ 

s (f ) s (f ) . ( 16) 

TaKHM o6paaoM, nonS!pH38UHH MIOOHOB OT pacrrauoa 
+ 

K 
µ 3 

H K µ
3 

OK83b!BaJOT-

CS! paBHhIMH no aennqnae n o6paTHhlMH rro HarrpaaneHHIO, l!To6hl yanueTb 'IYBCTBH

TenbHa"CTb yTaep)KUeHHSI CPT-HHBapnaHTHOCTH ('16), paCCMOTpHM, K '!eMy Ilpl!B0USIT 

Tpe60B8HHSI T- H CP- HHBapnaHTHOCTH, 

TTpn crrpaaeunHB0CTII CP-HHBapnaHTHOCTH C0OTHOIIIeHne. ( 16) HMeeT MeCTO nnlllb 
. ➔ 

UllSI _!'0MilOHeHT IlOllRpH38UHH, ne)Kamnx B rrnoCKOCTH, o6pa30BaHHOH BeKT0paMH k f1 

H k , .llnSI rreprreHUHKynRpHOH K STOH nnoCKOCTH COCTaBl!SIJOmeii: BeKTOpa rronS!pH-

" . 
aaunn Tpe6oaaHne CP-HHBapnaHTHOCTH IlpHBOUHT K paaeHCTay: 

+ . 
s .l .( /L ) = + s ,1.(1.! ) • (17) 

OrnH'IHOe OT HynSI 3Ha'!eHHe sl. 'KBK BHUHO H3 (16) H (17), IlpOTHB0pe'!HT T-HH-

BapnaHTHOCTH, CoapeMeHHOe COCT0SIHHe C H3MepeHHeM S.L- CB0UHTCSI K TOMY, 

'!TO s .l (µ) =0,002 :: 0,012,a, cneuoaaTenbH0, npn UOCTHrHyT0M ypoane T0'IH0CTH, 

HeT yKa38HHH Ha HapyllleHne C p - HHBapnaHTH0CTH B K µ 3 - pacrraue. 

B. B cnyqae cymeCTB0B8HHSI B38HMOUefic•TBHSI B K0He'!H0M C0CTOSIHHH ( 12) 

aaMeHSleTCSI Ha 

< f ; out I H I · i ; in > 
wk 

21 6 .. 
e f < f; out I · H wt I' i in > * (18) 

ecnn 

Hh!X 

I f ; out > SIBnSleTCSI co6CTBeHHhlM COCT0SIHHeM CHllbHhlX (n sneKTp0MarHHT-

) B38HM0UeiicTBHH. B 6onee o6meM cnyqae acerua MO)KH0 paano-

)KlfTb KOHe'!HOe COCTOS!Hlle rro T8KllM co6CTBeHHhlM C,OCT0SIHHSIM H rronyqllTb 

CYMMY '!lleHOB C paannqHhlMH cpa30Bb!Mll MHO)KHTellSIMII B npaaoil '!aCTII, TaK, unR 
. 0 -0 

pacrrauoa K - n K - .MeaoHoB rronyqaeM 

<f ITIK >' 
CPT 

I < /3 I T I K >"* < /3 I s 1 · t >, 
{3 

11 

(19) 



rAe cyMMS pacnpoCTpa11e11a TIO IlOllllOMY 11a6opy COCTOHIIHH 

qeaarom:ue MaTpH'lllbJe aneMeHTbJ c cocTOHHHHMH I 'f > H 

fJ , 11Merom:11x 11e11c-

K > , CMblCil 3TOro 

nocneAnero aaMe'laHHSI nerKo paa1,sc11HTb na TaK0M npHMepe. PaccMoTpHM pacna-

Abl 
0 

A .. p +· IT 

-+D+ITO, 

K0TOpble np0HCXOASIT aa C'leT cna6oro B38HMOAeiiCTBlrn. TaK KSK o6e 'l8CTl!Ubl B 

K0He'lHOM COCTOSIIIIIH SIBTISIIOTCSI anponaMH, Mbl lie MOlKeM npe11e6pe'lb B38IIMOAelicT

BlleM B K0lle'lll0M COCTOHIIHH, TaK K8K Cl!IlbllOe B3SIIMOAeiicTBHe coxpansieT 1130CllHII 

H p.,. 'leTII0CTb, Mb! AOillKllbl l!MeTb Aeno C COCT0SIIIIISIMII C onpeAeneHHbJMH 3118'lellH-

SIMH H30CllHll8 H L B npe11e6pelKel1HH aneKTpoMar1111TllblMII B38IIM0Aeii-

CTBHSIMH A0illKHO 6hlTb 'leTbipe co6CTBe1111bJX COCT0HIIHSI CHilbllblX B38HMOAeii-

CTBHli 11 'leTblpe lj>a30Bb!X CABl!ra lJ (L, I) , a 11Me11Ho lJ .(0, 1/ 2), lJ. (O. l/2), 
2 1 I I 

s. (1, l/2) II a I (1, l/2), Mbl Ile 6yAeM npOB0AIITb a11an113a A8IlbWe, 110 OTMe

TIIM, 'ITO cym:eCTB0B811lle lleCK0ilbKIIX 'lilellOB C pa3IlH'lllbJMII cpa30BblMH MII0lKl!Tens

MII B ( 4) ne ll03B0TIS!eT BbJBeCTII paBellCTBa MelKAY CK0POCTSIMII napuaanbHblX pac-

/22/ . 
naAOB aapsinoBO-C0llpS!lKellllbJX K8H8IlOB , Hanp11Mep, 113 CPT-IIHB8p1!8HTHOCTII 

He cneAyeT, 'ITO B - B , rAe 

B 
rcA0 

.. n +ITO) 

r(A 0 
-+P+1T-) 

B 

B 

II 8 onpeA8IlSIIOTCSI K8K 

0 -r(A .. n +·rt 

-·o - + r ( A .. p+:1T ) 

OAll8KO npn AOIIOilHHTellbHbJX npeAJI0il0lKelll!SIX o C- IIIlH T- HIIB8pH811TIIOCTII 

3TO paBellCTB0 nonyqaeTCSI, 

r. B lleKOTOpblX cny'laSIX 6bJB8eT TaK, 'ITO K0lle'lllble COCTOSIIIHSI S!BllSIIOT-

CS! co6CTBellllblMII COCT0S!llllllMH onepaTopa S CHilbllblX B38IIMOA8liCTBl!li 113-38 pa3-

llH'lllblX He3aBHCHMbJX npaBnn OT6opa. B 3TOM cnyqae cpa30Bblli MHOlKIITellb B ( 4) 

lie npHBOAHT HH K KBKHM ycn0lKHeHIISIM. B Ka'leCTBe npHMepa Mb) paCCMOTpHM ABB 

aapSIAoBo-conpS!lKeHHbIX npouecca 
+·-

K .. If 

:!: 
+· rr o 

Ha o6o6m:eaaoro npHHUHJia naynH (Boae-CTaTHCTHKaJ cneAyeT, '!TO K0He'lllble 211 

C0CTOSIHHSI A0illKHbl 6b1Tb ,CQ0CTBeHHb!MII COCTOSIHHSIMII ll30CllHHa C I = 2, Bonee 

Toro, coxpaae1me MOMeHTa KDnH'leCTBa ABHll<;eHHSI Tpe6yeT, 'IT06bJ L .. 0 ( s
COCTOSIHHe). Tar. KaK H30Clm!: H P-'leTIIOCTb coxpallHK>TC.11 B CHllbllbJX B38HMOneli-. 

12 

! 

! 

f 
;1 

! I> 

ilf 
•I 

j 

I 
/I 

l 
I 
i 
II" 

i,;f 
It 

i~ ~ ~ 

\' 
J 

I 
~ 
I 

'{ 

I 
'· ;: 

CTBIISIX, He IIMeeTCSI ApyrHX B03MOlKllblX K0lle'lllbJX COCTD_SIHHii, KOTOpble MoryT 6bJTb 

A0CTHrnyTbl aa: C'leT CIIIlbllOro B38HMOAeliCTBHSI B KOlle'lll0M COCTOSIIIHH, 

Kone'lllbJe 21T COCTOSIIIHSI B 3T0M cnyqae SIBilSIIOTCSI co6CTBellllblMH COCT0SIIIIIHMH 

onepaTopa CHilbllblX B38HMOAeliCTBHii S, • Ilpe11e6perasi BilHSIIIHeM aneKTpoMar

HHTllbJX B38HMOAeiiCTBHH, MOlKIIO nony'lHTb 113 CPT - IIIIB8pll811TII0CTH cnenyro

m:ee paBellCTBO 

+· 
r(K -+IT++.IT 0 ) .. r(K ➔ lf-+IT 0 ). 

-4 
nonpaBKII 113-38 aneKTpoMarHIITH0ro B38HMOAeiiCTBIISI AOillKHbl 6bJTb nopSIAK8 10 • 

+· 
Ll, B paMKBX 1130TOllH'leCKllll IIIIB8pll8HTHOCTII K _, ➔ 2 rr p8Cll8Abl CBSl3/!Hbl C 

o n~ 
K ➔ 2 rr pacnaABMII, Mo)KIIO llOK838Tb • '!TO B 0TCyTC'I:Blle aneKTpOMarHHT-

llb!X B38HMOAeiiCTBIIH 

0 O - 0 + 
2A(K ➔ 21T )+v'2·A(K -+ rr IT 

+ 
) .. 3 a A ( K .. IT+· rr _o ) 

. II 

_,o - -o +· -
2A(K +2rr 0 )+v'2 A(K + rr 11-) .. 313 A (K .. lf-rr 0), 

rAe 

A -A 
3 5 

a• 

A +-2.. A 
5 3 3 

fJ 
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A 
3 A 5 

A +·-2- A 
5 3 

(20) 

(21) 

(22) 



a A s, 3 "' A s/2 
0 

A 3/ 2 8MllnllTYJlbl K ➔ 2 " pacna)lOB C 113MeHeHHeM 

H3OCl111Ha I Ha 5/2 n.3/2, COOTBeTCTBeHHOi A 5 , 3 - To JKe Jlnll 2" pacna-
-o 

JlOB K - 'IBCTHU, 

E cnn aaecTH A 
1 A I - np11Be)leHHbie at.mm!Ty)lbl K .. 2 " pacna)lOB, 

TO 

A = e 
-1 B o 

1< 1 I T 1 · K > A =. e 
I 

-18 
I <IITIK 0 

>' 

I')le [j I ( I = 0,2) ._ cpa3bl llllOH-llllOHHOI'O B38HMO)leHCTBlllI B 

non11oii aHepr11n, paaHoii Macce K - Me3oHa, 

S - COCTOlIHlili llpli 

(23) 

Ha (20) - (21) B OTCYTCTBHe KaKHX-nn6o, Tpe60B8Hl1H )lliCKpeTHblX CHMMeT-

PHH MOlKHO nony'IHTb, 'ITO 

f3 A ( K ... "-" o) 

a + ... 0 
A(K .. "") 

A 2 

A 
2 

Tipn cnpaae)lnllBOCTll CPT - llHBap11aHTHOCTll 

f3=a*, A 
2 

H 

1 + 2 

A* 
2 

A - A 
2 2 

A + A 
2 2 

+ 
I A ( K - .. "-" 0) 1 ·= 1 · A ( K .. "+" 0 ) 1 · 

Tipn crrpaae)lnllBOCTll T-HHBap11aHTHOCTH A 
2 

ll 

l ! A 2 I n, aoo6me roaopll, IS I ·1, la I~ 
A2 - )leHCTBliTenbHbl, HO 

(24) 

(25) 

I A 2 II, 

BoaMOlKHOe OTnnq11e A 2 / A 2 , OT eJlHHHUhI, no-BHJlHMOMY, He rrpeBb1waeT 

.;.3 /24/ 
10 ,.• rrocKonhKY OHO BXOJlHT a naaeCTHOe • Bb1paJKeHne )lnll napaMeTpa y= c 'I c:u, 

xapaKTepnay10mero OTHOCHTenbH6e HapymeHlie CP - llHB8pll8HTHOCTll B K L .. 2 " 

:iacrra)lax 

( 2 I.TI "KL) 
p - q A - A 

2 2 
Y= + 

( 0 I T I KL ) p + q A-2 + A 2 (26) 

14 

E, B oTmI'Ilie OT A .. N" pacnana, pacrraJl I. .. n + " rrpliBO)lllT "N 

CllC_TeMy B COCTOlIHlle C orrpe)leneHHbIM 3Ha'IeHlieM 1!3OCil11Ha I= 3/2, I 3 = - 3~2 • 

8 3TOM cny'Iae CPT - HHBap11aHTHOCTb npliBO)lllT K paaeHCTBY WllpllH pacna)la I, ➔ 

.. n + " ll I,- ➔ n + "+ C 
. /25/ 

'-IlKOY fyaH-'IlK80 B 1959 r. YKa3an Ha COOTHoweHl!e MelK)lY K03cp!pl!UHeH-

TaMI! aCHMMeTpim a 

a 

a 

ll Cl Jlnll pacnanoa I,- ll I,-

cos [ t,. -·B + A 
s p a 

-•A p 

cos [ t, - t, -·A + A 
B p 8 p 

r)le [j 
8 

ll [jp - "N - cpa3bl B S - ll P - COCTOlIHlllIX, a A 
8 

II Ap 

cpa3bl, CBlI38HHble C . HapyweHl!eM T- llHBapnaHTHOCTII, .. 
XoTlI rrp11 )lOCTHI'HYTOH B H8CTOlIIUee apeMlI TO'IHOCTI! a = 0 I, .. n " 

(27) 

pacrra)l rrpllBO)ll!T "N CHCTeMy, a OCHOBHOM, a S COCTOlIHHe), COOTHOWeHHe (27) 

YK83blBaeT Ha none3HOCTb conocTaaneHl!lI rronllp1!38UllOHHbIX CBOHCTB rnnepOHOB 11 

aHTHI'l!llepoHOB, 
+ 

)I(, K-;;. 
3 

- pacna)l, B OTCyTCTBl!e aneKTpOM8I'HllTHOI'O B38llMO)leHCTBl!lI ll3 

Tpe6osaHnll CPT- nHaap11aHTHOCTH cneJlyeT: 

+ + + . + r ( K .. rr " "-) +T ( K .. rr+ " o "o ) = 

=r(K .. "-·"+"-)+ r(K- .. "-;., 0
"

0
). 

Ecnn IICKn!O'IllTb 113 KOHe'IHblX COCTOlIHHH COCTOlIHlllI C H3OCl111HOM I 3 "= 3 ' 

+ r c K .. " +" + 11 - ) = r c K - .. " - "+ "-) 
TO 

+· +· 0 0 -rcK .. "" ")= rcK .. "-11°" 0). 

3, Jlo CHX rrop Mbl paccMaTp11aann nap1manhHble CKOpOCTll pacna)lOB, COOTBeT

CTBYIOIUlie OT)lenhHblM KaHanaM pacrra)la, Ecnn CyMMlipOBaTb no BCeM BO3MOlKHblM 

KaHanaM, Mbl nony'IIIM nonHyIO CKOpOCTb pacrra)la (apeMlI lKll3Hli}, 

15 



<l>opManbHO K 3TOMY MOlKHO npH.QTH c IIOMOIIlbiO Bb!paJKeHHSI BH.Qa ( 19), ecnu 

Bal!Tb KBa.r:tpaT MO.r:tynsr H BOCIIOnbaOBBTbCSI YHHTapHOCTblO S - MaTpHllbI. 

TaKHM o6paaoM, MbI npuxo.r:tHM K BbIBo.r:ty, 'ITO BpeMeHa JKHaHu 'IBCTHll paBH.bI 

BpeMeHaM JKHaHH HX BHTH'IBCTHll, ecnu TeOpHSI CPT - HHBapHaHTa, 3To npe.QCKa

aaHHe npoBepsrnOCb 3KCnepHMeHTBnbHO, H Mb! npHBO.QHM HaH6onee TO'!Hbl0 peaynb

TBTbl B Ta6nuue 2. 

5, PaeeHCTBO !!HOManbHblX MBI'HHTHblX MOMSHTOB 'IBCTHll 

H HX BHTH'IBCTHll 

PaccMoTpHM "SIBHOe BblpalKeHHe .r:tnsr MaTpH'IHOI'O sneMeHTa sneKTpOMBI'HHTH0-

ro TOKa I (x ) 
µ 

/39/ 
• Ha nopeHU-HHBapuaHTHOCTH H coxpaHeHHSI TOKa nerKo 

noKaaaTb, 'ITO Hau6onee o6muii B11.Q 3TOI'O M8TpH'IHOI'O sneMeHTa paBeH ( onycKa

eM HSKOTOpbre HOpMHpOBO'IHbie MHOJKHTensr) 

< f ; out I I ( 0 ) I 
µ 

i ; in 
➔ ➔ 

>e<p' s' I I (0) I µ 

➔ ➔ 

p. s > = 

e;(;', ;, ) [F (q 2 } y +i F (q 2 )u qv ]u(p➔,;) 
I µ 2 µv 

(28) 

I'J:10 q ~ p - p, • PacCMBTpHBaSI CTaTHCTH'ISCKHH npe.r:ten, T,e, ycTpeMnmr q ➔ 0 

nerKO CBsraaTb e F I (0) C aapSI.r:tOM npoToHa, a e F 2 (0)- C aHOManbHbIM Mar

HHTHblM MOMSHTOM npoToHa, Ha TOI'O q>BKTB, 'ITO I /l (0) srnnsreTCSI 9pMHTOBblM 

onepaTopoM, cne.r:tyeT, 'ITO F ( Q 
2

) H F (q
2 

)srBnSIIOTCSI .r:teHCTBHTenbHblMH q>yHK-
1 2 

llHSIMII, 

Ta6nHua 2 

BpeMeHa lKHaHH 'I8CTHll H HX BHTll'IBCTl!ll , Ilap1t11anbHble WHpHIIbl 

µ +-• 

+-
11 

K+-

,+· 

,+ 

,-

,+ 

r 

-1 

-1 

-1 

= 0,0 ! 0,1% 
/26/ 

= 0,56 :!: 0,28% 
/27/ 

0,4 :!: 0,7% 
/28/ 

0,23 + 0,40% 
/29/ 

16 

I 

IlonHbJe WHpHHbl! 0,049 ! 0,097% 
/29/ 

llJHpHHhl 

llJHpHHbl 

K ➔ µv 

K ➔ 3 11 

0,47 :!: 0,30% 

-0,54 :!: 0,41 % 

-0,04 :!: o,2i % 

-0,50 + 0,90% 

/30/ 

/30/ 

/30/ 

131/ 

lllHpHHbl K ➔ 2 11 pacna.r:toB 

r( K+ ➔ rr+ 11° ) = (21,4 + 0,8)% 1321 

(21,0 : 0,56)%
1331 

+ + 0 - /34/ 
Cpe.r:tHee r ( K ➔ 11 11 ) = (21,2 ! 0,5)% 

E.r:tHHCTB0HH00 HaMepeHHe r( K -• ➔ rr-ir0)= (25,0 + 3,:i)% 
/35/ 

+-· e 

± 
µ 

MarHHTHbJe MOMSHTbl 'IaCTHll H HX BHTH'IBCTHll 

r 

µ_;= 

IL+= 

µ+= 

µ_ -

(1001159622 + 27) 10-9 e/ 2m /36/ 
- /L 

(1001168 :!: 11) 10-6 e/2m /37/ 

(1001162 + 5) 10-6 e/2m µ /38/ 

(1001165 : 3) 1o-6 e/2m e /7/ 
e 

l!T06b! paCCMOTpeTb cne.r:tCTBHSI CPT - HHBapHaHTHOCTH .r:tnsr sneKTpoMaI'HUTHbIX 

BaaHMO.QeHCTBHH, Mb! OTMeTHM CHaqana TpaHCIJ)OpM81lHOHHb10 CBOllCTBa onepaTopa 

TOKa, 'IT06b1 STO ycnoeue co6nJO.r:tanocb 

(CPT) I (0) (CPT)-1 

/L 

0TCIO.Q8 Mbl nony'IIIM no aHanorHH C ( 4) 

I (0) • 
/L 

< f ; out I I (0) I i ; ,, in > -= - < f ; o~t I ·Iµ ( 0) I · i ; in > * . 

' ITpaBylO 'IBCTb MOlKHO Bbl'IHCnHTb ua (28) C peaynbTaTOM 

< f ; outj I (0) I i ; in >-= - e I ;•( ; ' , - ; ' ) [ F ( q
2

) y + 
µ I µ 

2 ➔ ➔ 
+iF (q}u q J.u(p,-s)I*. 

2 µv V 
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(29) 

(30) 

(31) 



Ecm1 11crronb30BaTb cnenyIOIJll!e CITIIHOpHbie COOTHOWeHIISI 

Mb! rrony'IIIM 

-+ _., T ➔ ➔ 

u(p,-s)=y Tu-(p,s) 
0 

"u(p,-;) 
T ➔ ➔ -1 

u (p,s)T y
0 

< f ; out I I /1 ( 0) I 
- ➔ ➔ . 2 

i ; in> = - e u ( p ', s ' ) [ F ( q ) y + 
1 /1 

(32) 

(03) 

+ F ( q2
) a q 

2 µv v 

.... 
u(p,s) 

H3Me11e1111e 3HaKa B (33) no cpaBl!eHl!IO • C (28) OTpa>1rneT TOT cpaKT, 'ITO aap»-

)lbl0 'laCTl!U II aHTl!'laCTl!U rrpOTIIBOITOnOlKl!bl. Ha (28) II (33) Mb! 3aK_nID'laeM, 'ITO 

CPT - IIHBapnaHTHOCTb' rrpl!BO)ll!T K paBeHCTBY cpopMcpaKTOpOB '18CTIIU II aHTll'l8CTIIU. 

B 'laCTHOCTII, IIX aHOMl'WbHbie MarHIITHble MOMeHTbl TaK)l(e nonlKHbl 6b!Tb paBHbl, 

K TOMY lKe 3aKnIO'leHl!IO MOlKHO rrp11nT11, ecn11 paCCMOTpeTb Bb!palKeHl!e )lnSI 
➔ .. .. . ➔ 

aHeprnn B3al!MO)leiicTBIISI MarHl!THoro MOMeHTa /1 C MarHl!THblM rroneM J{ ( /1 J{) . 
. .. .. 

TaK KaK rrpn CPT - rrpeo6pa3oaaH1111 J( ➔ + J{ , a aaa11MoneiicTa11e CPT - IIH-

aapnaHTHo, nonlKHbl 6b!Tb paBHbl 11. Mar HIITHbie MOMeHThl qacTl!U II IIX aHTl!'laCTHU, 

3To nocnenuee yTaeplKneH11e rrpoaepSinocb aKcrrep11Me11TanbHO TOnbKO nnSI aneKTpo

HOB II MIOOHOB, 

K O'leHb TO'IHOMY 1!3MepeHl!IO ( g - 2) 
+- +-

)lnSI e -11 /1. - Me30HOB Heo6-

XO)ll!MO cnenaTb O)lHO 3aMe'1aH11e. HaMepeHHaSI Benl!'IIIHa HaXO)llITCSI B xopoweM 

COOTBeTCTBIIII C peaynhTaTaMI! pac'!eTOB, B KOTOpb!X Y'IIITb!BaIOTCSI nllIJlb 8/leKTpO

Mar1111THbie B3al!MO)leiiCTBIISI, PaaeHCTBO aHoManbHblX MarHIITHblX MOMeHTOB l!MeeT 

MeCTO TaKlKe B cnny C- nnn CP - HHaapnaHTHOCTI! aneKTpoMarHIITHhIX B3al!MOAeii

cTBHJ11 Ha OTKnoHeHne OT KOTOpb!X He l!MeeTCSI Hl!KaKl!X yKa3aH1111, CnenoaaTenbHO 

COBrraneHne 8HOManbHb!X MarHIITHblX MOMeHTOB nenTOHOB MOlKeT He 6b!Tb. 'IYBCT

Bl!TenbHblM K OTCTyrrneHl!IO OT CPT. 

ilpyroe · aa11,ieqa1111e OTHOCIITCSI K TaKOMY 'll!CTO nerrTO!IHOMY pacrrany, KllK 

/1 ➔ e pacrran, 11 aechMa rroy•mTenhuo. Bee aKcrrepnMeHTanbHbie naHHbie o µ ➔ .e 

pacrrane xopowo Olll!Cb!BalOTCSI acpcpeKTHBHblM narpaHlKl!aHOM. Cne):IOBaTenbHO, OHi! 

He MoryT He cooTaeTcTaoaaTb CPT - TeopeMe, 

18 

0 -o 
6. CPT II K - K c11cTeMa 

YHl!KanhHble B03MOlKHOCTI! ):lnSI rrpoaepKII CP.T - IIHBap11aHTHOCTI! rrpencTaBnSieT 

0 0 
113Y'leH11e pacrranoa K - Me30HOB, B oco6eHHOCTII, K ➔ 2 1T pacrrallOB, rlle llO-

Ka3aHO HapyweHl!e CP - IIHBap118HTHOCTII. YKalKeM Ha llBe 

/40 13 41 24 42/ 
B03MOlKHOCTH TaKoii rrpo-

aepKII, 06cyJKnaaw11ecS1 B n11TepaType • ' • • • 

1 • Bb1palKeH11e ):lnSI apeMeHHOM 3aBl!CIIMOCTII 
0 

0 
K ➔ 2 rr pacrrallOB Ha rry'!Kax, 

K KOTOpbie rrepBOHa'lanbHO COCTOSinl! TOnbKO 113 11 TOnbKO 113 
-o 
K , l!MeeT Bllll 

d N ± (r) 

dr 

-r r 
r (2 ") [ A+ e s + B + 

s - - I 1
2 -r L r 

T/ e + 

+(D± T/ /<ms-mL)r 
-+(rs+ rL )r 

+c.c)e ], 

(34) 

_rne 3HaK + (-') OTHOCIITCSI K cny'laIO, Karna BHa'!ane ny'IOK COCTOSin 113 'IIICTblX 

0 -1) 
K - ( K )-Me30HOB. Bb1paJKeHl!SI ):lnSI A± , B± ll D± ( B rrpeHe6pelKeH11e 

KBallpaTaMI! ManblX aenl!'IIIH) l!MeeT Bllll 
/13/ 

A± 
1 

=---Re(r.-8) 
2 + 

8 +=-1 --Re(r+B) 
- 2 + 

D± +-1...- Re r-i Im6, 
2 

(35) 

rrp11'leM rrpn crrpaaenn11aocT11 CPT - 11Haap11aHTHOCTII 8 = 0 • ilnSI rrpoaepK11 CPT -

IIHBap11aHTHOCTII He06XOlll!MO 1!3MepSITb OTHOCl!TenhHblH XO)l apeMeHHOM 3aBl!CHMOC

-3 
Tl! 11 orrpenenSITb A ± , B ± D ± c TO'IHOCTbIO, nyqweli 10 • 

CaMI! cpOpMynbl ):lnSI CBSl311 rrapaMeTpOB f , f 

0 - 0 
K II K II Bb1paJKeH1IS1 nnSI cyrrepnoamrnli llOB 

11 W C aMrrn11TyllaMI! pacrra

K: > n I K 
0
s > qepea I K O 

> n 

'K O >. aaa11CSIT oT Toro, BbmonHSIJOTCSI n11 Tpe6oaaHIISI CPT -11Haap11aHTHOCT11. 

. ~2, 
2. Ha116onee 'IYBCTBl!TenbHOli SIBnSieTCSI rrpoaepKa tpaaoaoro COOTHOIJleJil!SI 

Arg ( 'T/ + R T/ ) = arg f = cf, = 
+- 0 0 E 

2( m L- m 
8

) Im < K sl KL>. (06) 

= ar ctg - er ctg 
(rL+r8 ) Re<K 6IKL> 
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rAe 

a 

/43 13/ 
TJ + _ ll 1/ O O - ll3BeCTIIb!e rrapaMeTpbi ' 

11+- = 

.,,00 

( "+ " - I T I ,K L) 

( "+" -, T I Ks ) 

( ,,.o,,.o I Tl KL) 

(,,.o,,.o!TI Ks) 

£+(' /,/2 

1 + c.i \/2 

( -·v 2 (, 

l-y2eu 

r(K ➔ ,,.o,,.o) 
s . ., 1 

2 
R 

r(K ➔ ,,.+,,.-) 
s 

' (37) 

':IT06bi YBHAeTh 'IYBCTBl!TellhHOCTh · COOTIIOUlellllll (36) OTMeTHM, 'ITO !Ipll 

crrpaBean11aocT11 CPT (T) - 1111aap11aHT11ocT11 Im< Ks I KL>= 0 (Re<K s 1 ·K L>=O) 11 

CPT '" IT T IT /42/ 
¢ = + -- ( ¢ = --4-~ • CoOTIIOU1e1me ( 36) B 6onee TO'IHOil cj,opMyn11poBKe ( 4 ( 

COAep>KIIT B neBOli 'I8CTH apryMelIT Ben11'IH!lbl 

Z=:£(FITI.K )*(FITIK ), 
S L 

F 
(38) 

rAe cyMMa pacrrpocTpa11e11a rro BCeM 06m11M pacnaaaM KL 11 Ks • ITo-BIIAH-

MOMY, OCIIOBHOH BKIIBA B Z AaeT pacnaA 11a ABa n11O11a Z 2 ,,. • 3Kcnep11Men-

T81lhllb!e A8llllbie O Belll!'IH!le z 6yAyT yTO'IHSIThCll no Mepe A81lhlleilmero Hay-

'Ie1111n HapymeHHH CP - HHBapnanT11ocT11 B paann'IHhlX pacnaAax K
0 

- Meao11on,. 

8 HaCTOHUlee BpeMH BCCbMB BB>KHb!M SIBl!HeTCH onpeAeneHHe cpa3hl rrapaMeTpa E 

'ITO ABCT B03MO>KHOCTh rrpoBeCTH COllOCTannem1e C COOTIIOUIOlll!eM (36). 

CpaB11e1111e BKIIBAOB B z OT K
O ~ 3 " II K

O ➔ 2 " pacnaAOB Z 3 ,,. II 2 2 ,,. 

/44/ 
TBK)Ke MO>KeT 6b1Th 11cnonhaonaHo AIIH npoBepKII CPT -11Hnap11aHTHOCT11 , ITp11 

crrpaneAn11aocT11 ee ( u < K s I ·K L > ,/, 0 ) 

.. Re 7. 
3" 

Re z
2

,,. 

rL(3,r)+ rS(3,,.} 

r L {2,,. > + rs (2" > 
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(38) 

. l, 

ITpll crrpaBeAIIIIBOCTI! T - IIHBap1rnHTHOCTII 

Im Z 
311' 

r (3rr}+r (3,r) 
L S 

Im z 
2 rr 

, 
rL (2ir}+r

8 
(2,r} 

(39) 

3 a K n 10 'I e H II e 

l1MeeTC51 B0CbM8 BeCKOe yKa3aHHe Ha crrpaBeAIIHBOCTb CPT - IIHBap11aHTHOCTI! 

Cl!llbHblX, aneKTpOMaI'HIITl!blX II coxpaHmomux CTpaHHOCTb cna6biX B3SllMOAellcTBH0:, 

t.JucTO cna6b1e B3811MOAelicTBllll T8KlK0 CPT - lll!Bap11a1ITHbl, nonynerrTOHHble 111111 
~:.::--

MeH5110Ullle CTpaHHOCTb cna6bxe B3811MOAeli:cTBll51 Heo6XOAIIMO 113Y'I8Tb C 6onbmefi TO'I- · 

HOCTb!O, Heo6XOAIIMO T8KJKe OTMeTIITb,'ITO B uenou TOIIbKO HeKOTOpbl0 acrreKTbl CPT-na

BapnaHTl!OCTII nonaepranncb rrpoaepKe, Mbl He IIMeeM HII OAHOI'O cnyqag ·TO'IHblX 

113Mepe1111it, 1IpOBep5110UIIIX COOTHOU1e1111e, (4) 6ea cyMMllpOB8111151 no Harrpaane111151M 

CIIIIHOB, EeaycnOBHO CTOIIT rrpoBeCTII rrpoaepKy T8KIIX COOTIIOU1e1111h nng CO1Ip5ilK011-

llblX rrpoueccoB C o6pameHHblMII aarrpaaneHll51MII CIIIIIIOB, MolKHO OlKIIA8Tb BeCbMa 

'IYBCTBIIT0llbllblX 38KII!O'I'0Hllll OTHOCIIT01lbllO CPT - IIIIBapnaHTIIOCTII 113 6ynymux .. Ollb!TOB 
0 

C K - M03O118MII, 

Aarop 6naronapea 11.M,BacnneacKoMy II B.l1.Ilerpyx1111y aa rroneaabxe aaMe- · 

'I8Hll51 II IIOMOUlb, 
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